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ABSTRACT
Migrants may experience immunisation inequities compared with the host population related to barriers
with accessing immunisations in their home countries, while migrating and/or post-arrival. This retro-
spective cohort study explored vaccination rates among migrant and non-migrant children in New
Zealand (NZ). Linked de-identified data from various government sources from 1 January 2006 to 31
December 2015 were analysed using Statistic NZ’s Integrated Data Infrastructure. Vaccination rates were
compared between three cohorts of children aged up to 5 years: foreign-born children who migrated to
NZ; children born in NZ of migrant mothers; and a comparator group of children born in NZ to non-
migrant mothers. Less than half of foreign-born children (46%) had a record in the NZ National
Immunisation Register compared with 95% and 96% among migrant and non-migrant NZ-born children,
respectively. Foreign-born migrant children had lower age-appropriate reported vaccination rates by
vaccine of interest, ethnicity and visa category compared with NZ-born children. Migrant children from
Pacific ethnicities had lower reported coverage than other ethnicities. High rates of not age-appropri-
ately vaccinated were noted among foreign-born children on refugee, Pacific and humanitarian visa
schemes. This study highlights possible shortfalls around immunisation data, particularly about record-
ing vaccinations given overseas for foreign-born children, and potential challenges around engagement
with immunisation services for migrant children. However, results highlight the successful engagement
of quota refugee children as part of NZ’s refugee orientation programme. It is important to monitor
vaccination coverage by migrant and refugee background to inform improvements to policy and
practice for wider population health benefits.
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Introduction

Increased international migration has resulted in an
unprecedented number of migrants and refugees.1–3

Migrants are those who reside outside their country of
birth irrespective of the reason for migration while refu-
gees are those who have been forcibly displaced outside
their native country due to fear of persecution.4,5

Migration to New Zealand (NZ) has been steadily increas-
ing; migrants now represent almost a quarter of NZ’s total
population.6,7 In accordance with NZ’s human rights fra-
mework, approximately 750 refugees, known as quota
refugees, are resettled every year and additional refugees
are accepted under various humanitarian and family
reunification schemes.8 Children make up approximately
half of the refugee intake in Australia and NZ and are
arguably the most vulnerable subgroup.9,10

International outbreaks of vaccine-preventable diseases
(VPDs) have been linked to under-immunised migrant
populations.11,12 Migrant and refugee children are noted
to be particularly at risk of VPDs as many have incomplete
or unknown immunisation status and few have serological
immunity against some VPDs.13,14 Arriving migrants may
be under-immunised due to multiple factors, such as

coming from resource poor countries with suboptimal
immunisation coverage and facing interruptions of routine
vaccinations while migrating.11 Post-arrival, migrants may
experience barriers with receiving immunisations attributed
to socio-cultural differences, difficulties accessing health
services, economic troubles, limited language proficiency
and health literacy, and/or inadequate medical information
and advice.11,13,15

To provide optimal protection against VPDs and pre-
vent against disease outbreaks, it is important for children
to receive timely childhood vaccinations. In NZ, all chil-
dren under the age of 18 years are eligible to receive
publicly funded National Immunisation Schedule (NIS)
vaccines, regardless of their immigration and citizenship
status.16 No specific immunisation data focusing on
migrant and refugee children are currently available.
Although national vaccination coverage rates are high
overall, these may mask substantial shortfalls among
migrant and refugee children. The aim of this study was
to use de-identified linked datasets with immigration
information to examine if there were differences in age-
appropriate immunisation coverage rates among children
with and without migrant backgrounds.
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Results

Description of cohorts

Figure 1 shows the number of children included in each
cohort after applying the exclusions. Of the total study popu-
lation, 10.9% were foreign-born migrants (Cohort A), 7.2%
were NZ-born migrants (Cohort B), and 81.9% were NZ-born
non-migrants (Cohort C). Among Cohort A (N = 75,375), the
largest group of foreign-born migrants were of European
ethnicity with 21.7% identifying as European and 8.8% as
NZ European. Other large migrant groups were those of
Indian (5.6%) and Chinese (4.2%) ethnicity. Of those with
visa data (54.2%), the combined categories of work, visitor
and student visas were the most common (37.0%). Small
numbers arrived on refugee-related visas, with only approxi-
mately 1% on convention, quota, family and humanitarian
visas. Regarding the longest length of time spent in NZ, more
than half of Cohort A (68.0%) had been in NZ for more than
1 year.

Among Cohort B, NZ-born migrant children (N = 50,136),
just above a quarter identified as European or NZ European
(28.3%). The combined Asian ethnic group was the largest
(48.9%) with high representation from Indian (19.7%) and
Chinese (11.3%) sub-groups. Of those with visa data
(92.1%), most children were born to migrant mothers who
first came to NZ during the study period on work, visitor or
student visas (44.6%). A small proportion of NZ-born chil-
dren had mothers with refugee backgrounds (3.6%). More
than half of the NZ-born non-migrant children in Cohort C
(N = 567,408) identified as having European or NZ European
ethnicity (54.1%); other large ethnic groups were NZ Māori
(25.0%) and Pacific (10.6%).

Recorded vaccination status

The majority of NZ-born children in Cohorts B (N = 48,177,
96.1%) and C (N = 536,805, 94.6%) had an enrolment record
or at least one recorded vaccination event in the National
Immunisation Register (NIR). Among Cohort A, less than
half (N = 34,599, 45.9%) of eligible children had a record in
the NIR. The likelihood of foreign-born migrant children

having a record in the NIR increased with time spent in NZ.
Only 12% of children who stayed in NZ for up to 6 months
had a record in the NIR, while 60% of those who stayed in NZ
for 2 or more years were included in the NIR.

Of all the vaccines included in this analysis, the highest
age-appropriate vaccination coverage was for MMR and per-
tussis-containing vaccines across all cohorts (Table 1). Low
age-appropriate coverage rates were noted for the rotavirus
vaccine; this is likely to be because it was introduced to the
NIS in 2014. Most children were age-appropriately vaccinated
for each vaccine of interest, except within Cohort A for PCV
and rotavirus where most children were unvaccinated. NZ-
born children of recent migrant mothers (Cohort B) and of
non-migrant mothers (Cohort C) had higher recorded age-
appropriate vaccination rates for all antigens of interest com-
pared with foreign-born migrant children (Cohort A). For all
of the vaccines of interest, children in Cohort A generally had
higher proportions of delayed and partial vaccinations com-
pared to children in Cohorts B and C.

Children in Cohort B had the highest recorded age-appro-
priate vaccination rates compared to those in Cohorts A and
C across all ethnicities, with the exception of Niuean and
‘Other’ ethnicities where those in Cohort C had higher rates
(Table 2). Within each cohort, there were differences in age-
appropriate vaccination rates by ethnicity, grouped by
Statistics NZ Level 1 categories. NZ Māori (13.6%) had the
highest age-appropriate vaccination rates in Cohort A, while
those of Asian ethnicity (62.8%) in Cohort B and those of
Asian (53.2%) and Other ethnicity (53.5%) in Cohort C had
the highest rates. Children from many Pacific Island ethni-
cities had lower reported coverage than other ethnicities.
Within Cohort A, although numbers are low, children of
Pacific Realm Countries (i.e., Tokelau, Niue, Cook Islands)
had higher age-appropriate vaccination rates compared to
other Pacific Island ethnicities. Across cohorts, those of NZ
Māori ethnicity had the highest rates of not age-appropriately
vaccinated and those of Other ethnicity had the highest rates
of Unknown vaccination status, meaning that they did not
have a record in the NIR.

Among migrant children, those who were NZ-born had
higher recorded age-appropriate vaccination rates than those

Figure 1. Participant flow chart of children for Cohorts A, B and C and exclusions (some children were counted in multiple exclusion categories). Note it is the policy
of Statistics New Zealand that counts are randomly rounded to a number divisible by 3 in order to protect privacy; thus, the numbers of inclusions and exclusions will
not reconcile precisely.
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who were foreign-born across all visa groups (Table 3). The
highest rates of the foreign-born migrant children not age-
appropriately vaccinated were noted among those on refugee,
Pacific and humanitarian visa schemes, indicating that many
children were either partially vaccinated or received late vaccina-
tions. Within Cohort A, children generally had high Unknown
vaccination rates, most notably for those children who accom-
panied parents on work, student and visitor visas for whom
Unknown rates ranged from 55.2% to 69.7%, while only 10.1%
of quota refugees had an Unknown vaccination status.

Discussion

To our knowledge, this is the first national study to explore
immunisation inequities between migrant and non-migrant chil-
dren in NZ. Our study revealed that all three cohorts of children
had suboptimal age-appropriate vaccination rates for all of the
vaccines of interest. It is important to note that our definition of
vaccine timeliness was stricter than that used for national report-
ing, which is the percentage of 8-month olds who are fully immu-
nised over a 3-month reporting period. As such, our reported
vaccination rates were lower than the national reported averages.17

In our study, foreign-born childrenhad lower recorded age-appro-
priate vaccination rates for all of the included vaccines compared
with NZ-born migrant and non-migrant children. This finding
supports childhood vaccination coverage disparities observed in
foreign-born migrant children in other countries, including the

United States,18,19 Europe,20,21 and Australia13. These studies indi-
cate that nativity has a strong effect on recorded immunisation
coverage with foreign-born status being a risk factor for being
under-immunised.19

While the majority of NZ-born children had a record in the
NIR, less than half of the foreign-born children did. For the
latter group, this improved with time spent in NZ; however,
even after being in NZ for 2 or more years, still only 60% had a
NIR record. We were unable to establish the vaccination status
of those children with no NIR record. Newly arrived migrant
and refugee children are advised to register with a general
practice for their documented vaccination status (if available)
to be assessed and recorded in the NIR, and to be given
appropriate immunisation catch-up programmes.16 Thus, our
results likely reflect issues of limited engagement with immu-
nisation services and/or challenges with recording vaccinations
given prior to arrival in NZ on the NIR.

The finding that foreign-born migrant children were under-
immunised relative to NZ-born children may be attributed to a
number of factors. First, the finding may be indicative of sub-
optimal provision of vaccines in their countries of origin and/or
interruptions to routine vaccinations while migrating.11 Second,
children vaccinated according to the schedule of their country of
origin may not be classified as age-appropriately vaccinated
according to the NZ schedule, if the schedules do not align.
Furthermore, challenges with translating different immunisation
schedules may lead to inaccurate recording in the NIR. Thus, the

Table 1. Recorded vaccination status by vaccine for each cohort from January 1, 2006 to December 31, 2015, New Zealand. ‘Out of range’ = MMR vaccine given
before 12 months old or possibly indicates a data error (e.g., vaccine recorded as given prior to birth) for the other vaccines.

Cohort A Cohort B Cohort C

N = 75,375 N = 50,136 N = 567,408

Total number in cohort n (%) n % n %

Measles, mumps and rubella
Vaccinated-on time 23,703 (68.5) 39,372 (81.7) 444,633 (82.8)
Vaccinated-delayed 3,042 (8.8) 2,385 (5.0) 37,797 (7.0)
Vaccinated-partial 5,835 (16.9) 2,025 (4.2) 26,466 (4.9)
Unvaccinated 936 (2.7) 4,254 (8.8) 26,490 (4.9)
Out of range 1,083 (3.1) 141 (0.3) 1,416 (0.3)

Total 34,599 48,177 536,805
Pneumococcal conjugate vaccine†

Vaccinated-on time 7,239 (20.9) 33,129 (68.8) 282,951 (52.7)
Vaccinated-delayed 5,361 (15.5) 4,419 (9.2) 83,025 (15.5)
Vaccinated-partial 9,033 (26.1) 2,724 (5.7) 23,568 (4.4)
Unvaccinated 12,774 (36.9) 7,872 (16.3) 147,036 (27.4)
Out of range 192 (0.6) 30 (0.1) 225 (< 0.1)

Total 34,599 48,177 536,805
Pertussis

Vaccinated-on time 18,201 (52.6) 37,524 (77.9) 432,528 (80.6)
Vaccinated-delayed 3,264 (9.4) 2,157 (4.5) 38,367 (7.1)
Vaccinated-partial 12,033 (34.8) 3,936 (8.2) 44,607 (8.3)
Unvaccinated 837 (2.4) 4,536 (9.4) 21,096 (3.9)
Out of range 261 (0.8) 24 (0.0) 207 (< 0.1)

Total 34,599 48,177 536,805
Rotavirus* N = 3,204 N = 17,733 N = 97,578
Vaccinated-on time 327 (24.3) 8,448 (49.0) 42,123 (45.2)
Vaccinated-delayed 333 (24.7) 1,347 (7.8) 11,631 (12.5)
Vaccinated-partial 120 (8.9) 324 (1.9) 1,773 (1.9)
Unvaccinated 558 (41.4) 7,104 (41.2) 37,656 (40.4)
Out of range 6 (0.4) 12 (0.1) 39 (< 0.1)

Total 1,347 17,238 93,222

*Introduced in 2014; hence total cohort only includes children born in 2014 and 2015.
†Introduced in 2008
Note: ‘Total’ = children in each cohort with an enrolment record or at least one record in the National Immunisation Register. ‘Vaccinated-on time’ = complete and
timely vaccination. ‘Vaccinated-delayed’ = vaccinations given > 1 month after the scheduled date for the 6-week, and 3-, 5- and 15-month vaccinations, and
> 6 months after for the 4-year vaccinations. In a multi-dose series, it was considered delayed if any one dose was given late. ‘Vaccinated-partial’ = less than the
scheduled doses were received based on the child’s age. ‘Unvaccinated’ = no record on the NIR for the particular vaccine or actively declined vaccination. ‘Out of
range’ for MMR = vaccines given before 12 months old or possibly indicates a data error (e.g., vaccine recorded as given prior to birth) for the other vaccines.
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reported vaccination rates among foreign-born children may be
an underestimation of the ‘true’ coverage rate. Third, this finding
may reflect gaps in immunisation service delivery and barriers to
accessing immunisations among migrant children post-arrival.
A previous study reported that parental ethnicity, culture, and
immigration status can influence the vaccination status of their
children.19 Another study found that missed vaccination oppor-
tunities post-arrival are likely to contribute to low vaccination
rates among migrant children.13

Although variations were observed, generally, children of
Asian ethnicity in our study had the highest rates of age-appro-
priate vaccination rates among NZ-born migrant and non-
migrant children. Across all cohorts, children of NZ Māori and
Pacific Island ethnicities had lower rates of age-appropriate vacci-
nation, generally. Immunisation inequities between ethnicities
have been previously noted and attributed to differing vaccination
practices and experiences. For instance, pro-immunisation atti-
tudes and perceived easy access to immunisations have been
reported among Asian peoples.22 Immunisation rates for Pacific
Peoples have been steadily improving in NZ due to numerous
targeted strategies;23 however, our study highlights that children
of Pacific ethnicity, particularly those who are foreign-born,
appearmore at risk of being under-immunised than other groups.

There was substantial variation in vaccination rates among
children with migrant backgrounds, depending on their visa
category. Generally, high numbers of children accompanied
by parents on work, student and/or visitor visas had no record
in the NIR. Parents of these children may not have not
engaged with immunisation services due to a low awareness
of the NZ health services available for children. The variation

among children with refugee backgrounds likely reflects the
differential engagement with immunisation services based on
the scheme within which they were accepted into NZ. For
instance, the Unknown vaccination rates for quota refugees
were slightly lower than those of refugees entering on other
(i.e., family reunification, asylum seekers, etc.) schemes. Only
quota refugee children spend their first 6 weeks in NZ at the
Mangere Refugee Resettlement Centre completing an orienta-
tion and comprehensive health screening programme, which
includes the recording of their overseas vaccinations in the
NIR and being offered appropriate catch-up immunisation
schedules.9,14,24

Immunisation policy and practice implications

This study has important implications for immunisation policy
and practice in NZ. The NIR is the key tool used to identify and
respond to the underimmunised, so it is important that NIR
data are accurate. Importantly, the proportion of foreign-born
children who did not have a record in the NIR signals a need for
prompt enrolment of foreign-born children in the NIR and
accurate entry of vaccinations administered overseas for
migrant children. Recorded immunisation rates among for-
eign-born migrant children by vaccine, ethnicity and visa cate-
gory were consistently low and this finding warrants concern. It
is unclear if this finding reflects inaccurate recording of vacci-
nations and/or issues with access and uptake of immunisations
among migrant children. While vaccination interventions
aimed at the general population, such as reminder/recall mes-
sages, parent-centred information, and immunisation policies

Table 3. Recorded complete and timely vaccination status for selected vaccines of Cohorts A and B by visa group from January 1, 2006 to December 31, 2015, New
Zealand.

Cohort A (child’s visa) Cohort B (mother’s visa)

Total number in cohort N = 75,375 N = 50,136

Visa group Yes (%) No (%) Unknown (%) Yes (%) No (%) Unknown (%)

Refugee (quota)1 9 (2.8) 285 (87.2) 33 (10.1) 135 (62.5) 81 (37.5) - -
Pacific 63 (3.8) 1,098 (65.9) 504 (30.3) 480 (51.6) 441 (47.4) 9 (1.0)
International (non-Pacific)/Refugee (non-quota) 33 (6.5) 387 (75.9) 90 (17.6) 456 (67.3) 222 (32.7) S S

Convention refugee & Humanitarian2 27 (6.6) 312 (75.9) 72 (17.5) - - - - - -
Humanitarian - - - - - - 36 (47.8) 33 (52.2) S S
Convention refugee1 - - - - - - 348 (69.5) 153 (30.5) - -
Refugee family 6 (6.1) 75 (75.8) 18 (18.2) 72 (33.3) 36 (66.7) S S

Residence 381 (7.4) 2,658 (51.7) 2,100 (40.9) 2,961 (59.2) 1,902 (38.0) 138 (2.8)
Family 207 (11.6) 1,104 (62.1) 468 (26.3) 3,099 (61.1) 1,845 (36.4) 129 (2.5)
Adopted child3 S S S S 105 (67.3) - - - - - -
Child of citizen or resident 258 (15.7) 909 (55.4) 474 (28.9) 24 (53.3) S S S S
Work4 - - - - - - 9,507 (58.8) 6,252 (38.6) 417 (2.6)
Work & student 66 (2.6) 813 (32.3) 1,638 (65.1) 120 (54.8) S S S S
Work & visitor 969 (5.8) 6,519 (39.0) 9,243 (55.2) 348 (54.5) 270 (42.3) 21 (3.3)
Visitor 267 (3.1) 2,316 (27.1) 5,952 (69.7) 2,688 (57.0) 1,893 (40.2) 132 (2.8)
Overstay 18 (4.0) 165 (36.9) 264 (59.1) 486 (54.7) 375 (42.2) 27 (3.0)
Medical treatment S S 12 (14.3) 72 (85.7) 6 (66.7) S S S S
Seasonal work4 - - - - - - 42 (60.9) S S S S
Working holiday4 - - - - - - 585 (51.7) 477 (42.2) 69 (6.1)
Student parent4 - - - - - - 1,077 (54.1) 870 (43.7) 45 (2.3)
Other 63 (6.0) 432 (41.3) 552 (52.7) 4,959 (62.7) 2,751 (34.8) 195 (2.5)
Visa not required or missing5 3,153 (9.2) 12,330 (35.9) 18,897 (55.0) 1,662 (42.5) 2,016 (51.6) 231 (5.9)
Total 5,502 (7.3) 29,100 (38.8) 40,401 (53.9) 28,641 (57.7) 19,536 (39.4) 1,425 (2.9)

Note: ‘Yes’ = complete and timely vaccination of MMR, PCV and DTP vaccines. Rotavirus vaccine was not included; ‘No’ = not complete and timely vaccination,
includes children who are partially vaccinated, received delayed vaccinations or declined vaccinations; ‘Unkn’ = children without a record on the NIR; Total N by
International (non-Pacific)/Refugee (non-quota) grouping is italicised; S = values suppressed (fewer than 6) to protect privacy.

1 No and Unknown were aggregated for Cohort B
2Aggregated because of low numbers for Cohort A
3 Visa category not applicable for Cohort B
4 Visa category not applicable for Cohort A
5 The majority of this group included migrants from countries where a visa for New Zealand is not needed (e.g., Australia)
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have been shown to be effective to improve rates,25 further
targeted strategies for migrant children are also needed. For
instance, interventions that reduce barriers to accessing immu-
nisation services and facilitate catch-up immunisations post-
arrival, along with improving the availability of culturally- and
linguistically-appropriate immunisation services may be helpful.
Moreover, efforts should focus on improving awareness among
healthcare professionals about the specific needs of migrant
patients given the important role that they play in terms of
influencing the vaccine decision-making of migrant mothers.26

Further support may be needed to assist healthcare profes-
sionals with translating international vaccination schedules
across to the NIR and planning appropriate catch-up immuni-
sation schedules.

Study strengths and limitations

The employed methods were only possible due to NZ’s unique
health care structure and existing data collection capabilities
that support robust data linkage across various databases for a
national sample of children. Despite this, there are several
important limitations. Existing administrative data used for
this study were originally collected for a different purpose so a
number of assumptions were made. We were not able to
control the variables available or the value categories within
them; thus, some inaccuracies may have been introduced.
Whilst we have data for most of the NZ population, there
are some groups (e.g., certain nationalities or ethnicities) that
have small numbers, which limits the conclusions we can
make.

Certain variables of interest were selected to maintain the
focus of this study; however, further analyses would be possi-
ble and that could yield helpful information. For this study,
only the most recent visa held by the migrant child or his/her
migrant parent was used and transition through different visa
categories was not examined. Patterns of travel, transition to
residency and length of time spent in NZ could be investi-
gated further to tease out how this may impact immunisation
uptake. Future work is required to understand the factors
contributing to the low recorded vaccination rates reported
among migrant children in our study. One area of focus could
relate to the accuracy of data reported on the NIR for migrant
children who may have been vaccinated overseas.

Conclusion

Foreign-born migrant children living in NZ represent a
diverse range of ethnicities and backgrounds, and, overall,
are reported to have lower age-appropriate vaccination rates
than NZ-born children. Additional efforts are needed to
improve the accuracy of immunisation data in the NIR and
develop targeted campaigns to increase access and uptake of
immunisation services for migrant children to reduce immu-
nisation inequities in NZ. This study also highlights the
importance of having better national surveillance and
migrant-specific data related to vaccination coverage to help
uncover health inequities among children living in NZ and
inform immunisation policy and practice.

Materials and methods

Study design and population

This study is part of a larger retrospective cohort study that
examined immunisation coverage and VPD burden among
three cohorts of children in NZ from 1 January 2006 and 31
December 2015, using linked government administrative data.
Cohort A (foreign-born migrants) consisted of foreign-born
children aged up to 5 years who arrived in NZ prior to their
fifth birthday within the study period. Cohort B (NZ-born
migrants) consisted of children aged up to 5 years who were
born in NZ to women who migrated to NZ during the study
period. Cohort C (NZ-born non-migrants, the comparator
group) consisted of all children aged up to 5 years who were
born in NZ without a migration background during the study
period. Exclusions were all children who stayed less than
3 months in NZ and children with logical data inconsistencies
(e.g., a birth date occurring after a travel date).

Data sources and variables of interest

De-identified datawere retrieved and linked frommultiple sources
using Statistics NZ’s Integrated Data Infrastructure (IDI). Data
were collected from government administrative datasets: Ministry
of Health’s National Health Index (NHI) for demographic data;
Ministry of Business, Innovation and Employment and NZ
Customs Journey datasets for immigration and travel data;
Department of Internal Affairs for life event data; and the
National Immunisation Register (NIR) for immunisation data.
Data for the following variables were obtained including: date of
birth, date of death, sex, ethnicity, nationality (i.e., country that
issued their passport), visa type, time spent in NZ, and immunisa-
tion status for select NIS vaccines. For individuals who had multi-
ple nationalities, the non-NZ nationality was reported if NZ was
one of the nationalities. For individuals that had multiple nation-
alities and no NZ nationality, the earliest recorded nationality was
reported. Ethnicity was self-reported by the parents, and based on
that recorded in the NHI dataset (as it provides more detail) and
grouped according to the six Statistics NZ Level 1 ethnicity classi-
fications. The September 2016 refresh version of the IDI was used
for all data except for the NIR data, which used the version
uploaded to the IDI ‘sandpit’ in January 2017 to allow for the
most complete vaccination records for the cohorts to be included.

A NHI number is assigned to all people who are born in
NZ or allocated to foreign-born individuals the first time they
access health and disability support services. NHI numbers
enabled deterministic linkage across health-related data
sources. Linking the NIR with the NHI dataset was done
using the encrypted NHI index (snz_moh_uid). Data that
did not have a standard identifier, such as immigration and
travel data, were linked to the health datasets and life events
datasets using probabilistic linking originally by Statistics NZ,
who assigned an encrypted identifier that was then used in
this study (snz_uid) to link the data.

The primary outcome measure was vaccination status. The
NIR records the administration date of every vaccine given as
per the NIS (Table 4). Four vaccines were selected for this
study: measles, mumps and rubella (MMR) vaccine (2 doses),
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pneumococcal conjugate vaccine (PCV) (3 primary doses and
a booster), pertussis-containing vaccine (3 primary doses and
a booster) and the rotavirus vaccine (3 doses). Vaccination
status is reported in two ways. Detailed vaccination status is
reported for each vaccine or antigen group as either: vacci-
nated – on time (received all scheduled doses on time);
vaccinated – delayed (received vaccine dose beyond 1 month
after the scheduled date for the 6-week and 3-, 5- and 15-
month vaccinations, and beyond 6 months after for the 4-year
vaccinations); vaccinated – partial (received some of the
scheduled doses based on their age); out of range (received
or reported a dose given too early for the recommended age);
or unvaccinated (did not have a record on the NIR for the
particular vaccine or actively declined vaccination).
Vaccination status is also reported according to whether or
not the child was fully vaccinated on time for all of the
vaccines of interest. Thus, those classified as ‘yes’ indicates
age-appropriately vaccinated, ‘no’ indicates not age-appropri-
ately vaccinated, and ‘unknown’ indicates no record on
the NIR.

Statistical analysis

Selection of subsets of relevant data from the IDI, linkage of
data (via the Statistics NZ identifier or the MOH identifier)
and recoding of variables were done using SAS Enterprise
Guide 7.1. Each cohort is described and compared using
counts and percentages summarising each variable of interest,
including ethnicity, nationality, visa category, longest time
spent in NZ, and vaccination status. In order to meet the
privacy protection requirements of Statistics New Zealand
each count (both population and numbers of cases) has
been randomly rounded to a base of 3.
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